Objective: Osteoporosis is the most common metabolic disease of the bones. Osteoporosis reduces bone density, predisposes a person to fractures, and imposes high costs on societies. Osteoporosis develops from a variety of causes, one of the most significant is vitamin D deficiency. This study investigates the impact of vitamin D on osteoporosis.
Introduction
Osteoporosis, which can lead to fractures caused by reduction in bone density, is the most common metabolic disease of the bones [1] [2] [3] . Osteoporosis is considered a health priority and inflicts a heavy burden on the community.
As such, a high percentage of treatment intervention is allocated to it and the lack of it imposes irreparable costs on the health system [4] . Age-related hip fracture is increasing around the world, possibly due to industrialization and lack of activity. Femoral area (hip) fracture is the main cause of mortality and morbidity in elderly people [2] . This considerable challenge imposes high cost on societies. Screening may greatly reduce this cost [5] [6] [7] [8] . The Iranian Osteoporosis Research Center reported that since in most societies, including Iran, life expectancy has increased and people are living longer, the prevalence of osteoporosis is also increasing [4, 9] . Throughout life, older bone is periodically absorbed by osteoclasts in resorption sites and replaced by new bone
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The literature contains many examples of self-dual Leonard pa ated with an irreducible module for the Terwilliger algebra of the hy Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the L module for the Terwilliger algebra of a distance-regular graph that bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two o De nition 1.4]); (vi) the Leonard pair consisting of a pair of oppo bra, acting on an evaluation module (see [5, Proposition 9.2] [10, 11] . Impairment of the regeneration process is the main pathophysiology cause of osteoporosis [12, 13] . Several factors affect developing osteoporosis, including genetic [14] , low weight [15] , old age and history of broken bones [16] , Cushing's syndrome [17] , family history of a fractured hip after a minor fall [18] , underlying diseases such as rheumatoid arthritis [19] , inflammatory bowel disease (IBD) [20] , hyperparathyroidism [21] , cystic fibrosis [21] , hyperthyroidism [22] , type 1 and type 2 diabetes [23] , and kidney disorders [24] . An influential factor in the development of osteoporosis is calcium and vitamin D deficiency. The intake of calcium and vitamin D supplements has a significant effect on the prevention and treatment of osteoporosis, especially in elderly people [21] . Some evidence supports the intake of calcium alone or in combination with vitamin D in order to prevent or treat osteoporosis in people aged 50 and older. The results of a meta-analysis aimed at reducing fracture risk showed that calcium intake alone or in combination with vitamin D had a significant effect on the prevention of bone loss and fracture in people 50 years old. The fracture risk in all the subjects decreased by 12% [25] . The Bone mineral density (BMD) test is available for many patients using the DEXA (dual energy x-ray absorptiometry) method, which is currently the best known method for osteoporosis diagnosis and screening [2] . Diagnosis of osteoporosis depends on the Z-score, which is the comparison of bone density with a person of the same age, gender, and race. This score must be at least equal to or less than -1, otherwise, the patient is diagnosed with osteoporosis [26] .
Treatment of osteoporosis includes two parts. One entails lifestyle changes, such as regular sun exposure, adequate nutrition, and sufficient exercise and activity. The other part consists of pharmacotherapy, including the use of selective estrogen receptor modulators (SERMs) such as raloxifene, calcitonin, fluoride, strontium, parathormone, diphosphates such as alendronate, calcium, and vitamin D as a health priority [27, 28] . In a study on the important role of zinc and calcium on bone health, nutritional education relating to the consumption of foods containing zinc and calcium is recommended to prevent bone loss in osteoporosis women [29] .Vitamin D deficiency is a global public health problem in all age groups, especially in the Middle East [30] . Given that osteoporosis increases the risk of fractures and osteoporotic fracture plays a significant role in mortality, depression, and being bedbound, osteoporosis is an important concern [12, 13] . On the other hand, it is necessary to know the factors that affect the results of BMD tests. The objective of this study was to investigate if the results of 25-hydroxy vitamin D tests as a factor might affect bone density; in a way that by its modification the results of BMD test could be reached to an acceptable level, and there would be no need for pharmacotherapy in osteoporosis treatment. Considering the increased mean age of communities and the high prevalence of osteoporosis, as well as the long term treatment period, the results of this project will play a key role in reducing health costs.
The aim of this study was to compare the prevalence of vitamin D deficiency among osteopenic and osteoporotic patients with healthy individuals, and to investigate the association between vitamin D deficiency and bone densitometry status in these patients.
Materials and Methods

Design
This study was carried out with a registration number in a clinical trial on all individuals who were referred to The Bone Density Clinic of Semnan's Kowsar Hospital in Iran, in 2018.
Participants
Inclusion criteria were being 30 -60 years old and being fully satisfied with participation in the study. Exclusion criteria were people with a history of chronic glucocorticoid excess, whether endogenous (such as Cushing's syndrome) or exogenous, smoking or consuming alcohol, having rheumatoid arthritis, having IBD, having hyperparathyroidism, having cystic fibrosis, history of hyperthyroidism, having type 1 and type 2 diabetes, or having kidney complications, taking vitamin D pills, being under the supervision of a dietitian and a therapist.
Intervention
After confirmation of the preliminary plan by the research council of Kowsar University Hospital and after receiving the Ethics Code from the Ethics Committee of Semnan University of Medical Sciences, consent letters for participation in the study were given to the subjects. After presenting the project and describing the objective of the survey, consent letters were filled out and confirmed by the participants. Moreover, during filling out the checklists, the description and significance of the study was fully explained to the subjects.
In this study, 400 individuals referred to The Bone Density Clinic of Semnan's Kowsar Hospital in 2018 were selected by a convenience sampling method. Primary data were collected using a checklist containing questions about demographic information including age, gender, clinical examination, and paraclinical information. The data were followed up in the following years and a bone mass density test was performed using the DEXA method. Vitamin D levels in all participants were measured by the 25-hydroxy vitamin D test. In this regard, 3 cc blood samples were taken from the subjects and their serum was separated. Then, using the EUROIMMUN vitamin E test kit (company IDS England) 25-hydroxy vitamin D levels were measured through ELISA method. The level of 25-hydroxy vitamin D was measured by the ELIZA READER device normalized to the standards, with readings taken in ng/mL. Based on the instructions from the vitamin D kit, the subjects with 25-hydroxy vitamin D levels of less than or equal to 5 ng/ml were considered as vitamin D deficiency, individuals with serum levels of 25-hydroxy vitamin D between 5.01 to 14.99 ng/ml were considered as insufficient, and subjects with serum levels of 25-hydroxy vitamin D found to be equal to or greater than 15 ng/ml were considered as sufficient. Moreover, subjects with T-scores less than -2.5 were considered to have osteoporosis, individuals with T-scores ranging from -0.1 to -2.5 were considered to have osteopenia, and those with T-scores of greater than or equal to -1.0 were considered as normal individuals. Thereupon, subjects with vitamin D deficiency were treated with Vitamin D capsule for 8 weeks. Subjects in the intervention group received 50000 units of vitamin D per week and the control group received placebo. Treatment continued for 8 weeks for both groups. At the end of the treatment period, all subjects were evaluated for bone density, and the results of both groups were compared. After the completion of the study, those who were deficient or insufficient in vitamin D were treated.
Blinding
Subjects in the intervention group took 50000 units of vitamin D once a week and the control group took a placebo. Treatment was continued for 8 weeks in both groups and patients did not know whether they took medication or placebo.
Ethical considerations
The checklists were anonymous and included only raw data and statistics. Subjects were assured that their information would remain confidential. Consent letters were obtained from the subjects and they were assured that, in case of dissatisfaction, each participant could withdraw from the study at any stage of the project. This study was approved with a registration number in a clinical trial by the Ethics Council of Semnan University of Medical Sciences and Health Services.
Statistical methods
The collected data were analyzed using SPSS software version 23. For statistical description of numerical variables, the mean and standard deviation (SD) were reported, and for categorical variables, count and percentage were reported. Data analysis was done using the Kolmogorov-Smirnov test, paired t-test, Chi-square test, and ANOVA test (comparison of two groups with repeated measures) at significant level of 5%.
Informed consent: Informed consent has been obtained from all individuals included in this study
Ethics approval: The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance the tenets of the Helsinki Declaration, and has been approved by the Semnan University of Medical Ethics Committee (IR. SEMUMS. REC. 1396.108).
Results
Most subjects were in the 31-40 years age group (40.5%). 51.5% (206 out of 400) of participants were male and 48.5% (194 out of 400) were female. According to the results, 19% of the participants suffered from vitamin D deficiency, 38.8% had insufficient levels of vitamin D, and 42.3% had sufficient levels of vitamin D.
In bone density measurement, 13% of subjects had osteoporosis, 14.2% had osteopenia, and 72.8% were normal. The results of data analysis also indicated that there was a significant association between vitamin D level and bone mass density status. The prevalence of vitamin D deficiency in subjects with osteoporosis was 44.7%, in subjects with osteopenia was 28.9%, and in subjects with normal bone density was 26.3% (P<0.001). The results showed that there was also a significant relationship between vitamin D level and age groups (P<0.001). There was also a significant association between bone density and age groups. The highest prevalence of osteoporosis (65.4%) was found in the 51-60 years old age group (P<0.001, Table 1 ).
There was a significant relationship between vitamin D levels and gender of the subjects. The highest prevalence of vitamin D deficiency (60.5%) was seen in female subjects (P=0.021), but the results of data analysis suggested that there was no significant association between bone density and gender (P=0.386, Table 2 ).
In this study, 76 patients with vitamin D deficiency were treated with vitamin D supplements. After 8 weeks of treatment, their bone density status was compared to those who did not have vitamin D deficiency and were not treated with Vitamin D supplements (324 people). Data analysis indicates that there is a significant difference between the changes in T-score in the two groups according to the repeated measures ANOVA model (P<0.001). T-score changes in the intervention group were significantly more than the control group (0.81 vs. 0.30 and P<0.001). Also based on the repeated measures ANOVA model, there was a significant difference between Z-score changes in two groups (P<0.001). Z-score changes in the intervention group were significantly more than the control group (0.56 vs. 0.32 and P<0.001, Figures 1 and 2) .
It was shown that the prevalence of osteoporosis in the intervention group after administration of vitamin D was significantly lower than the control group (32.3 vs. 67.7 and P<0.001, Table 3 ). 
Discussion
Data analysis demonstrated that 13% of subjects had osteoporosis and 14.2% had osteopenia. In previous studies conducted in Iran, it was found that the prevalence of osteoporosis in different cities is heterogeneous. In a study done in Yazd, the prevalence of osteoporosis among postmenopausal women was 43% in the femoral area and 20% in the vertebral column [31] . Moreover, in the study by Jamshidian et al., the prevalence of osteoporosis in the femoral area and vertebral column was 15.8% and 2.9% [32] . In Pazhouhi et al., the prevalence of osteoporosis in women 10 to 75 years of age in Tehran was 28.1% [33] . In the study of Aghamohammadzadeh et al., the prevalence of osteoporosis was 26%. On the other hand, in the review of osteoporosis prevalence in the Middle East, it was found that the prevalence of osteoporosis in Saudi Arabia was 33.2% and 46.5% in males and females, respectively, while the prevalence of osteopenia in males and females was 44.5% and 41.4%, respectively [34] . The reasons for justifying the difference in the results from various studies could be due to the type of osteoporosis test, the site of bone density test, the type of device, or the skill of the test interpreter, as well as the race, age, and gender of studied populations in different studies. Since the loss of bone density in spongy bones such as the pelvic bone occurs more rapidly, the lack of consistency between different sites is inevitable and could be due to physiological and pathological factors, or performance and analysis of the test [35] . The results of this study showed that there was a significant statistical relationship between T-score and age groups. Subjects in age group of 51-60 years had the lowest T-score. Similarly, there was a significant relationship between bone density and age group. The highest prevalence of osteoporosis (65.4%] was in the age group of 51-60 years old. Other studies have also suggested that age is an important factor in the reduction of bone density and consequently the incidence of osteoporosis [33] .
In the present study, 19% of subjects had vitamin D deficiency, 38.8% of subjects had insufficient levels of vitamin D, and 42.3% of subjects had sufficient vitamin D levels. A study by Dipak et al. in the United Kingdom, aiming to assess the level of vitamin D and bone density in 78 Asian women living in England, showed that 96% of the subjects had vitamin D serum levels of less than 15 ng/ml. In 26% of the patients, the trend was less than 5 ng/ml [36] . In the present study, 81.1% of subjects had vitamin D serum level of less than 15 ng/ml, which was close to the findings of the Dipak et al. study. In a study published by Larijani et al. in 2007, aiming to evaluate the prevalence of osteoporosis and its related risk factors, the prevalence of vitamin D deficiency was 80.7%, vitamin D serum level of less than 5 ng/mL [3] . This was approximately twice as high as the findings of the present study. The reason for the increased prevalence of vitamin D deficiency in the Larijani study compared to the present study was due to differences in the statistical population. In Larijani et al., women over 50 years old were studied, and considering the effect of age on vitamin D deficiency, the result was acceptable. More precisely, the results of our study shows that there is a significant association between the levels of vitamin D and the age groups of the subjects, while the highest prevalence of vitamin D deficiency (67.1%) was seen in the age group of 51 to 60 years old. On the other hand, in the Larijani et al. study, only female subjects were included, which could be another reason for the higher prevalence of vitamin D deficiency. Similar results in our study suggests that there is a significant relationship between vitamin D levels and the gender of the subjects, as the highest prevalence of vitamin D deficiency (60.5%) was found in female subjects. Therefore, regardless of the differences between the results of various studies, older age and female gender are two major factors influencing the prevalence of vitamin D deficiency. In other studies, these two variables have been mentioned as factors affecting vitamin D deficiency [37 -39] .
The results of our study demonstrated that the mean ± SD of vitamin D levels were 5.50 ± 3.54 ng/ml in subjects with osteoporosis, 7.83 ± 4.98 ng/ml in subjects with osteopenia, and 23.80 ± 18.42 ng/ml in subjects with normal bone density. Therefore, the levels of vitamin D in subjects with osteoporosis were significantly lower than in other groups. Additionally, there was a significant relationship between levels of vitamin D and the bone density status of the subjects. The prevalence of vitamin D deficiency in subjects with osteoporosis was 44.7%, in subjects with osteopenia was 28.9%, and in subjects with normal bone density was 26.3%. In a study conducted by Vivek et al. in India, aiming to determine the association between vitamin D levels and bone density in 92 subjects, it was found that vitamin D level had a significant and direct relationship with bone density [39] . This finding was similar to the results of our study. These finding is similar to the results of this study [36] .
To summarize, the results of this study indicate that the prevalence of vitamin D deficiency in osteopenic and osteoporotic patients is higher than in normal subjects, which has a significant relationship with age and gender. Furthermore, vitamin D treatment improved bone density indices and reduced the incidence of osteoporosis. It is recommended that continuous and regular treatment with vitamin D supplements be performed, especially in women and the elderly, to prevent and even improve osteoporosis.
Suggestions
More studies using different doses of vitamin D supplements are recommended for the improvement of bone mineral density indices. Given the fact that this study was conducted on a limited population, further research is recommended, especially in Iranian societies; and it is needed to eliminate the limitations of the study. It is recommended to screen the prevalence of vitamin D deficiency and the prevalence of osteoporosis in order to more quickly identify high-risk patients, and to handle more patients and to treat them faster in order to control them faster and more satisfactorily. More researches are suggested to investigate the relationship between other dietary supplements on the improvement of clinical and laboratory symptoms in people with osteoporosis; and also it seems necessary to identify the best supplements and drugs available to control this severe disorder.
